ABSTRACT: An undescribed species of Haematoloechus inhabits the lungs of Rana vaillanti in northwestern Costa Rica. The new species is most similar morphologically to H. medioplexus, having a very small, but well-developed, ventral sucker and lacking extracecal uterine loops, and apparently was mis-identified previously as H. medioplexus in Rana palmipes from Colombia. It differs from H. medioplexus, notably by (1) the shape of the oral sucker, which is elliptical in H. meridionalis and spherical in H. medioplexus; (2) the posterior extent of the vitelline fields, which terminate at the same level in H. medioplexus, but always at different levels in H. meridionalis; (3) the position of the testes, which are immediately posterior to the seminal receptacle and are close together in the new species and far from the seminal receptacle and separated from each other in H. medioplexus; and (4) the location of the genital pore, which is ventral to the cecal bifurcation in the new species and ventral to the pharynx in H. medioplexus. In addition, the new species is unique among members of Haematoloechus by having flaps of tissue on the interior margins of the ventral sucker. The new species shows almost 5% sequence divergence from H. medioplexus in the variable D1 region of the 28s rDNA, complementing the morphological differences.
As part of an inventory of eukaryotic parasites of vertebrates in the Area de Conservación de Guanacaste (ACG) in Costa Rica, specimens of a previously undescribed species of digenean inhabiting the lungs of Rana vaillanti Brocchi were collected. In this paper, the morphological description of a new species of Haematoloechus is given, and the sequence of a variable region of the large subunit of the rDNA is provided in order to construct a molecular data base that reinforces the morphological features in an effort to clarify the systematics of the group.
MATERIALS AND METHODS
Worms collected from freshly killed amphibians initially were placed in saline (0.65%) for 5-10 min. For the morphological study, they were fixed by sudden immersion in hot 4% formaldehyde and preserved in 70% alcohol. Specimens were stained with Mayer's paracarmine or Gomoris trichrome, dehydrated, cleared in methyl salicylate, and mounted in Canada balsam. Some specimens were mounted permanently between cover slips and held in Cobb slides. Measurements are presented as the range with means in parentheses and expressed in micrometers (m), unless otherwise stated. Figures were drawn with the aid of a drawing tube. The following abbreviations are used: CNHE, Colección Nacional de Helmintos, Instituto de Biología, Universidad Nacional Autónoma de Mexico; USNPC; United States National Parasite Collection; BMNH, British Museum of Natural History, London. Specimens for molecular work were identified in vivo and preserved in 100% ethanol. Standard phenol extraction methods were used to recover DNA from individual specimens. Laboratory protocols follow Palumbi (1996) and Hillis et al. (1996) . Polymerase chain reaction (PCR) was used for amplifying the 5Ј end of the 28S ribosomal RNA gene (884 bp, including the D1 variable region). Amplification and sequencing was performed using the primers 28Sy 5Јcta acc agg att ccc tca gta acg gcg agt 3Ј (forward) and 28Sz 5Јaga ctc ctt ggt ccg tgt ttc aag ac 3Ј (reverse) (Hillis and Dixon, 1991) . Amplification program consisted of 1 min at 94 C followed by 35 cycles of 30 sec at 92 C, 30 sec at 50 C, and 1 min at 72 C, followed by 4 min at 72 C for final elongation. PCR products were sequenced directly on an ABI Prism 310 automated DNA sequencer or using Thermo Sequenase radiolabeled terminator cycle sequencing kits (Amersham Life Science, Cleveland, Ohio). Sequences were aligned visually with H. medioplexus (Genbank AF133112), H. complexus (AF133104), H. coloradensis (AF133108), and H. illimis (AF133133109) sequences using the computer program ESEE (version 3, Cabot and Beckenbach, 1989) . A pairwise distance matrix was constructed using PAUP (version 4.0b4a Swofford, 1998 ) and a phenogram was constructed using UPGMA (Krebs, 1989 
Remarks
The new species differs from other Haematoloechus species and resembles H. medioplexus Stafford, 1902, in having a very small (less than one-fourth the diameter of the oral sucker) but well-developed acetabulum. Haematoloechus meridionalis further resembles H. medioplexus in lacking extracecal longitudinal uterine loops. The new species differs from H. medioplexus notably by (1) the shape of the oral sucker (elliptical in H. meridionalis and spherical in H. medioplexus), (2) the posterior extent of the vitelline fields (terminating at the same level in H. medioplexus, at different levels in H. meridionalis), (3) the position of the testes (immediately posterior to the seminal receptacle and close together in the new species, far from the seminal receptacle and separated from each other in H. medioplexus), and (4) location of the genital pore (ventral to the cecal bifurcation in the new species, ventral to the pharynx in H. medioplexus). Finally, H. meridionalis is unique among reported members of Haematoloechus by virtue of having several flaps of tissue on the internal margins of the ventral sucker (Fig. 3) . Uribe-Piedrahita (1948) reported Haematoloechus medioplexus in Rana palmipes from Cali, Colombia. Later, Dobbin (1957b) considered those specimens to be H. iturbei. Uribe-Piedrahita (1948) did not include a description of the specimens, and they are not available for examination, but according to his illustration, it appears that he had specimens of H. meridionalis. This suggestion is supported by information about the anuran host. In their revision and phylogenetic analysis of the R. palmipes clade, Hillis and De Sá (1988) showed that the member of the R. palmipes clade living in Cali is R. vaillanti and not R. palmipes. Two nominal species of Haematoloechus have been reported in R. palmipes (sister species of R. vaillanti according to Hillis and De Sá, 1988) . Haematoloechus iturbei (Cordero and Vogelsang, 1939 ) Walton, 1949 , from Venezuela (Cordero and Vogelsang, 1939 and Brazil (Dobbin, 1957a (Dobbin, , 1957b ) is larger than H. meridionalis and differs from the new species in having a spherical rather than elongate oral sucker, lacking a ventral sucker, having elongate testes located far behind the ovary, and having extracecal uterine loops. Haematoloechus lutzi Freitas and Lent, 1939 (Syn: H. tejerae (Cordero and Vogelsang, 1939 ) Walton, 1949 : see Dobbin, 1957b differs from the new species in having an acetabulum the same size as the oral sucker and in having extracecal uterine loops.
Molecular data: A 875-bp-long fragment (partial 28s sequence, including the D1 variable domain) was amplified. Sequences of H. meridionalis isolates from different individual hosts of the type locality are identical; sequence available from Genbank (accession number AY026897). The DNA sequences of the new species and H. medioplexus are compared to evaluate the information given by morphological characters; included in the comparison are other species that are morphologically clearly different from them (Figs. 4, 5) .
DISCUSSION
The taxonomy of Haematoloechus has been controversial because many nominal species have been proposed based on a small number of morphological characters, at least some of which are variable and difficult to characterize (Prokopic and Krivanec, 1974; Kennedy, 1980a Kennedy, , 1980b Kennedy, , 1981 . In a previous paper, León-Règagnon et al. (1999) used comparisons of rDNA sequence data (ITS1-5.8S-ITS2 and 28s regions) to provide additional support for some nominal species, thereby validating some of the morphological traits used in the systematics of the group. We therefore compared the partial 28s sequences of the new species and other American representatives of the genus. The genetic differences between the specimens of H. meridionalis and H. medioplexus (4.91%) are larger than those observed with other clearly distinguishable species, such as H. illimis Caballero, 1942 (1.85%). Haematoloechus illimis differs from H. meridionalis in having an acetabulum that is almost the same size as the oral sucker; in the general shape of the body, which is shorter and wider in H. illimis; in having a spherical oral sucker; in the distribution of the uterus (which is not arranged in 2 lateral fields and possesses short longitudinal loops), and in the shape of the testes and ovary, which are elongate and lobate. Whereas the geographical distribution of H. illimis has not been well studied, it apparently is endemic to the central part of Mexico (Caballero, 1942; León-Règagnon et al., 1999; Pérez-Ponce de León et al., 2000) and is more commonly found in leopard frogs (members of the Rana pipiens clade), but little is known about the southeastern region of this country and others in Central America. Of the species examined by León-Rè-gagnon et al. (1999) , H. illimis was most closely related to H. medioplexus and H. coloradensis Cort, 1915 . Haematoloechus meridionalis appears to be part of this group of species, possibly sister species of H. illimis.
In the Area de Conservacion Guanacaste, Rana vaillanti is the ecological equivalent of the bullfrog (Rana catesbeiana) or green frog (Rana clamitans) of North America. They are large, territorial, actively predatory frogs that are more aquatic than the leopard frogs (members of the Rana pipiens clade) with which they often are sympatric. Bullfrogs and green frogs are hosts for multiple species of Haematoloechus, not all of which are the closest relatives. It is, therefore, not surprising to find that H. meridionalis does not appear to be the closest relative of H. medioplexus living in Rana palmipes, the sister species of R. vaillanti (Hillis and DeSa, 1988 al., 1999) , which is limited to the Nearctic region (see also Pérez-Ponce de León et al., 2000) , these species might represent an ancient speciation event associated with the original separation of North and South America resulting from the break-up of Pangaea. In that case, the occurrence of H. meridionalis in Costa Rica represents a northward dispersal that has occurred since the emergence of the Panamanian Isthmus 3.5-5.7 million yr ago (Lessios, 1979) . The biological richness of Costa Rica is due in great part to its biotic influences from both the north and the south (Janzen, 1983) . Only by including information of more species and more characters in a phylogenetic analysis will we be able to test the phylogenetic, biogeographic and coevolutionary affiliations of H. meridionalis.
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